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ONE POSSIBLE "WLTWAATE" OPTICAL COMPUTER
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OPTICAL CELLULAR PROCESSORS
(O.C.P)

)

=

|

—T Cy ~—

ohe ¢lament out of a 2D amay

DEFINITION

- state C;;

- eighborhood V)| = { some of the Cy(}
-clock by

- equation Cyj (ti) s hy(Viy, tij- 1)...too general

Cij (1) -fu(‘;_ou Jx 1€ ti=1)
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a point non linear operation on a linear combination
‘quask-linear operation” (Athale)
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refractive optical elements equivalent
to one component of eackh H1 and H2
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4. How can optics enter computers ?
What can optics do far computing 7
(Goodman, Kung, Athale, Leonbengar, Proc IEEE 1984)

- Introduce new technological concepts

« Components : optical bistable matrices
(or fogic gates)
« Architectures : symbolic'sutstitution,
optical cellular automata

today : optics = 1 pJ, 1um’: 1ns
MOS =101J, 1unf 1ns
- or fill known technological needs

optics up to now has been good :
for connections

computing = § 024

imtercommects

2- Lv-z{' #f

-the optical Fourier transform
D <

M

L CRI TN o F,T g CX, \/)
abject t(P)

. 12 .
typically worth 10 interconnects
(weighted, analog)

+ oo

XN o f (xy) oxp _2,‘&21;&& dx dy

-aptical matrix multiplication (anaiog)

matrix T(i,{)
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(3, COMPONENTS
2.1 - Optical interconnect components

- quided waves

.

siticium ?

detector |

planar guides : goomotrlc compatibliity with micro-
electronics and 2-D connection density

Institut d'oplique, awrii 1389
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Needs for interconnects in computers Can optics save time/space/power 7

- work by Fekiman, Esener, Guest, Lee (U.C.5.D., 1988)

..+ -inside chips compare
: . connectio
« scaling laws -> interconnects take up .f_—f"ﬁ wtbnn;hotodetaction
relatively more and more §Race t_m_ a3 a function offrequency and length
power optlcsg@
= rential conversion efficiency (source, detector)

of power because of hsar threshold
=

no The loss proportional to length (1/2 Cv2
“ conclusion :optics is advantageous above a critical

Interconnection length fo
for frequency around 10 MHz, &around 1 cm I

- work by Friedrish, ¥ ETI, Grencble, 1984)
similar conciusions i g9 connections | test

In progress.

- suggestion by D.AD. Miller (A.T.T., 1989) :
+both dln ohctfonlc connexion have high

- imtesf'q.ba'on Lo @ leﬂ.aﬂ?&néc

k >

1 1/
~ Inreasmg Meymb'm —

Instint d'optique, awrit 1989

lnctitut A'nntince awrd 18AQ



* clock skew

affects device synchronization and
theretore operating frequency

voltage
4
vthres.h0|<:1 N
delad time
b e ——— >
0 ot 1,
« fine grained parallelism requuros more
interconnects
EEREEEEE ..
L b LG LY Ly Ly gLy Processing
MWWy element
MWWl WL~ PE)
Ly by Ly g Ly Ly Ly Wy |
Ly Ly Ly Ly by by
gLy Ly by Ly Ly gy by
by Ly Ly Ly Ly Ly gy by
Ly Ly Ly g by Ly Ly Ly Ly
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Ly Ly Ly g Ly gLy Ly Ly
Ly Ly Ly Ly Ly Ly Ly Ly Ly
LW Ly Ly Ly Ly

L -between chips

typical number of pins :200

< =

R — i
L

d =
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4.3 -between boards

same limitations :in practice, the clearest limitation to
present interconnect technology for fast, parallel, multiboard
processors.
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ELECTRONIC MASSIVE PARALLELISM: 5 1| - 1) R — S P |1 e
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moving diffuser

Generation of random number array's with speckle
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(% Conclusions (T

The advantages of optics

- speed ¢ L
+ no | The Helmoitz equation is the same in optics and
in electronics
« but optical connections save time by an effect of
impedance matching

- fan-in/fan-out
-brfﬁl the power has 10 be pilt in any case
* but ophieal connections can be extremely dense

- bandwidth

yos
-requcad cresstaln (“interfarences’)
Further research

« integration of optics and microsiectronics into OEIC
« develop appropriate microoptics components

* Use MQWs and pholorefractives as inlerconnects
components

» lry to optically interconnect boards.

v

Insitut Foptigue. avril 1989
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